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Abstract
Purpose Down-regulation with gonadodropin-releasing ag-
onist (GnRH-a) protocol during IVF stimulation leads to a
severe endogenous LH suppression, which may affect the
follicular development. The aim of the study was to evaluate
the effects of recombinant LH (r-LH) administration, during
late follicular development stages, in recombinant FSH

(r-FSH) stimulated cycles on follicular fluid (FF) parameters
and on cumulus cell quality.
Methods Twenty patients undergoing IVF were stimulated
in a long GnRH agonist protocol with r-FSH alone or with r-
LH supplementation when the leading follicle reached di-
ameter of 14 mm. FF was collected at the time of oocyte
retrieval from 32 follicles ≥ 18 mm. Serum FSH, LH,
estradiol (E2), and progesterone (P4) were evaluated on the
day of hCG administration. Intra-follicular E2, P4, AMH and
TGF-β were assayed. Total RNA from 18 individual cumuli
was isolated for gene expression analyses.
Results R-LH increased FF P4 levels. FF TGF-β levels and
PTGS2 andHAS2 expression in cumulus cells (CCs) positive-
ly correlated with increased P4 levels observed in FFs, while a
negative correlation was found between P4 and AMH levels.
Conclusions FF positive correlation between P4 and TGF-β
levels and CC expression of PTGS2 and HAS2 suggest an
association with a better follicle quality. In addition, our data
suggest that late follicular phase r-LH supplementation leads
to a more advanced stage of follicular maturation.
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Introduction

In natural cycles both LH and FSH play a fundamental and
complementary role in the development of follicles and
ovulation [7,25]. In fact, although pharmacological doses
of FSH alone are capable of stimulating ovarian follicular
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development, LH is strictly necessary to achieve final
follicular maturation and oocyte fertilization [4,11].
Standard stimulation regimens typically use exogenous
FSH or human menopausal gonadotropin (hMG) in con-
junction with gonadotropin-releasing hormone agonists
(GnRH-a) to suppress endogenous gonadotropin release
[50]. Down-regulation with GnRH-a in some normogo-
nadotrophic women may result in a profound suppres-
sion of endogenous LH concentration impairing
adequate E2 synthesis. The stimulation with recombinant
FSH (r-FSH) alone, containing negligible quantity of
LH, has been shown to interfere with optimal oocyte
maturation [17,56,58], while providing LH activity in
gonadotropin treatment after GnRH-a down-regulation,
has been shown to induce a significant higher propor-
tion of top-quality embryos [37].

Although LH can substitute for FSH in supporting
the later stages of follicular growth [55] and can stim-
ulate optimal follicle-oocyte maturation [33], its role in
controlled ovarian stimulation (COS) is still controver-
sial [29,44].

LH has an essential role both in ovarian steroid
synthesis and ovulation. In the initial phases of follicle
growth, LH receptors (LH-Rs) are present only on
theca cells (TC). Later on, in the mid- to late-
follicular phases, FSH-stimulated granulosa cells (GC)
acquire LH-Rs, and become capable to respond to LH
stimulation, which drives final follicular maturation
[16,32,55,61].

In prospective randomized trials performed in non
selected patients, recombinant LH (r-LH) supplementa-
tion is not associated with better outcome in IVF
[5,18]. However, in women above 35 years of age,
poor responders, or with more severe pituitary
GnRH-a suppression, stimulation with r-LH in the
mid/late-follicular phase could be associated with im-
proved results [6,12,24,34,37,40,41,47]. In a recent
meta-analysis study it has been suggested that the
supplementation with r-LH in patients of advanced
reproductive age stimulated with r-FSH, may improve
implantation and clinical pregnancy without affecting
metaphase II (Met II) yield [31].

Even though live birth rate represents the most
important outcome when evaluating the different pro-
tocols of COS, the possibility to evaluate the quality
of follicles and, as a consequence, of the enclosed
oocytes holds great importance. Exploration of intra-
follicular levels and ratios of E2 and P4, as well as the
levels of TGF-β and AMH would provide an addition-
al insight into the impact of stimulation with exoge-
nous LH activity. In fact, different stimulation
regimens cause several differences in the FF levels of
hormones and peptides. The addition of LH/hCG-

containing preparations, such as hMG, from the begin-
ning of stimulation induces higher production of E2

and lower production of P4 respect to stimulation with
FSH alone [52]. These data support the notion that a
low dosage of LH from the beginning of stimulation
might be necessary to support the production of andro-
gens by TCs and as a consequence the production of
E2 by GCs. Moreover, differences have also been
found in the levels of VEGF, inhibin A and B [52]
and TGF-β [28]. It is noteworthy that AMH and TGF-
β are differentially regulated in the preovulatory folli-
cle. Two forms of TGFs are produced in the ovary:
TCs produce TGF-α and -β, while GCs produce only
TGF-β [45]. In the human ovary, TGF-α stimulates
GCs growth while TGF-β inhibits their proliferation
[38]. TGF-β which is stimulated by IGF-I and inhibin
[32], suppresses the enzyme converting P4 to andro-
gens and stimulates P450scc, thus leading to an in-
creased P4 production [26,30]. TGF-β has been
detected in human ovarian FFs [45], and its expression
is increased in GCs from large preovulatory follicles
[38]. Moreover, the levels of TGF-β in the FFs were
found to correlate positively with that of E2 at egg
retrieval and with the number of fertilized oocytes
[27]. Conversely, AMH expression in ovarian follicles
increases significantly from the primary through the
early antral stages of folliculogenesis [14,57] and
declines during the final follicular maturation process
[3,22,23].

After the LH surge CCs secrete a muco-elastic matrix
enriched in hyaluronic acid and undergo a dramatic
expansion [48]. This process require gonadotropin stim-
ulation as well as the presence of factors produced by
the oocyte itself such as growth differentiation factor 9
(GDF9) and bone morphogenetic protein 15 (BMP15).
The expanded cumulus provides the proper environment
for successful fertilization while reduced expansion se-
verely impairs fertility [49]. The induction of genes
such as hyaluronic acid synthase 2 (HAS2), gremlin 1
(GREM1) and cyclooxygenase 2 (PTGS2) which play
essential roles in this process requires the presence of
an healthy oocyte. Therefore the expression of these
genes in CCs might reflect oocyte quality and give a
direct assessment of fertility potential of oocyte [9].

The present study aims to evaluate the effects of r-
LH supplementation to r-FSH in the late stages of
follicle development on several parameters of FF asso-
ciated with follicle quality, such as the profile of P4 and
E2, and the levels of TGF-β and AMH. Moreover, we
performed a preliminary study by examining the levels
of expression of hyaluronic acid synthase 2 (HAS2),
gremlin 1 (GREM1) and cyclooxygenase 2 (PTGS2) in
cumulus cells.

1382 J Assist Reprod Genet (2012) 29:1381–1391



Materials and methods

Patients

Follicular fluids (FFs) were collected from 32 follicles ≥
18 mm retrieved from 20 patients undergoing IVF treatment
at the C.I.P.A. Rome, Italy. Cumulus cells (CCs) were
obtained from 18 out of the 32 follicular fluids. Informed
consent was obtained from all patients. The study popula-
tion consisted of ICSI patients with major indications for
ART such as tubal infertility or unexplained infertility and/
or partners with semen abnormalities. Average patient
age was 33 years (range 31–42). All patients were with
regular menstrual cycles of 25–32 days, presumed to be
ovulatory. The early follicular phase serum levels of
FSH were within normal limits (1–12 IU/l). The antral
follicle count, assessed by ultrasound before starting the
stimulation protocol, was within 6 and 12 follicles. The
body mass index was in the range 18–25 kg/m2.
Patients with polycystic ovary syndrome and patients
with endometriosis were not included in the study. The
main clinical characteristics of the patients are shown in
Table 1.

Patients underwent controlled ovarian stimulation fol-
lowing down-regulation with GnRH agonist (GnRH-a) in
a long protocol. Pituitary suppression was carried out
with 0.2 mL/d Buserelin, a GnRH-a (Suprefact injection,
Sanofi-aventis SpA, Milano, Italy) starting on day 21 of
the previous cycle. At this time, age-matched patients
were randomized in two groups on one-to-one basis.

The patients were stimulated with r-FSH (Gonal-F,
Merck Serono S.A., Geneva, Switzerland) alone (Group
A) or with r-LH (Luveris; Merck Serono S.A., Geneva,
Switzerland) supplementation (Group B) administered
when the leading follicles reached 14 mm of diameter.
The starting dose of r-FSH was 150 UI for the first

5 days, followed by individual adjustment according to
the patient’s follicular response.

The doses of gonadotropins were individualized
according to serum E2 levels and transvaginal ultra-
sound measurements of the developing follicles (r-FSH
100–225 IU/day and r-LH 75 IU/day up to 3 days).

Ovulation was induced with 10,000 IU hCG (Gonasi
5000 H, IBSA Farmaceutici Italia Srl, Lodi, Italy) when
the leading follicles reached a diameter of 18–20 mm
measured by transvaginal ultrasound and when E2 levels
indicated a satisfactory follicular response. Transvaginal
oocyte retrieval assisted by ultrasound monitoring was
performed approximately 36 h after hCG.

Serum and follicular fluid collection

Blood samples were obtained on the day of hCG
administration.

Follicular fluids were aspirated from individual fol-
licles with a diameter of 18–22 mm. Only the initial
clear fluid from aspirated follicles was saved for analy-
sis. The fluid from single follicles were centrifuged at
1000×g for 10 min to remove GCs, and stored at −80 °
C for subsequent analysis. FFs contaminated with blood
were excluded. Only FFs from follicles containing a
Met II oocyte were further processed.

Hormonal measurements in serum and FFs

Serum E2, P4, LH and FSH and intra-follicular E2, P4 con-
centrations were determined using fluorescence enzymatic
dosage techniques (ELFA) (Vidas®-BioMèrieux Italia SpA,
Bagno a Ripoli (FI) Italia). The assay detection limits were
10 pg/mL, 0.15 ng/mL, 0.1 mIU/mL and 0.1 mIU/mL for
E2, P4, FSH and LH, respectively. The intra- and inter-assay

Table 1 Patient characteristics

Values are mean ± SEM. *P<
0.05, **P<0.01 vs. Group A
(r-FSH)

Baseline parameters

Group A (r-FSH) Group B (r-FSH+r-LH)

N° of patients 11 9

N° of follicles 5±0.4 5.2±0.4

N° of oocytes 4.2±0.3 4.1±0.3

Mean age (y) 32.3±0.3 34.1±1.4

Body mass index (BMI) (Kg/m2) 22.6±0.97 22.7±0.75

Serum LH (IU/L) after down-regulation 0.42±0.04 0.85±0.08

Serum values on hCG day

LH (IU/L) 0.4±0.06 0.96±0.15**

FSH (IU/L) 19.4±0.4 18.5±6.4

E2 (μg/L) 646±124 1202±157*

P4 (μg/L) 0.53±0.04 0.66±0.11
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coefficients of variation were 4.5–6.3 % for E2, 4.3–5.4 %
for P4, 4.2–4.7 % for FSH and 4.1–4.5 % for LH.

FF samples for E2 and P4 assays were diluted 1:1000 v/v
in steroid-free serum just before measurement.

Assay for AMH

FF AMH levels were determined using an enzyme-
immunometric assay Active MIS/AMH ELISA kit, DSL-
10-14400 (Diagnostic Systems Laboratories Inc., TX,
USA), according to the manufacturer’s instructions. The
limit of detection was 0.01 ng/ml and the intra- and inter-
assay coefficients of variations were 3.4 % and 6.5 %.

Assay for TGF-β

Active TGF-β was assayed by adding 100 μl of FF,
diluted 1:10 v/v with DMEM, for 16 h to sub-confluent
mink lung epithelial cells (MLECs) that were stably
transfected with a PA inhibitor-1 promoter luciferase
construct [1]. At the end of culture, the cells were
washed twice with phosphate-buffered saline (PBS)
and lysed in 60 μl of lysis buffer (Promega, Madison,
WI). Cell extracts were assayed for luciferase activity
with an assay kit obtained from Promega, using a Bert-
hold luminometer. Parallel MLECs were incubated with
known increasing concentrations of TGF-β to obtain a
standard curve.

Cumulus cell collection

Oocyte-cumulus complexes (OCCs) were retrieved 36 h
after hCG and separated from follicular fluid. After 2 h
at 37 °C the oocytes were freed from cumulus cells by
treatment with hyaluronidase (80 IU/ml, Medicult, Jyl-
linge, Denmark). Cells from single OCCs were washed
in PBS and then subjected to centrifugation at 300 g for
15 min. The supernatant was removed and the pellet
was immediately resuspended in 200 μl lysis buffer for
RNA extraction and stored at −80 °C until used.

RNA extraction and reverse transcription

Total RNA from CCs was isolated by a silica gel-
based membrane spin column (RNeasy Kit, Qiagen
S.p.A., Milan, Italy), according to the manufacturer’s
instructions. The purity and integrity of the RNA was
checked spectroscopically and by gel electrophoresis.
Total RNA (0.4–0.6 μg/cumulus) from each cumulus
was reverse-transcribed in a final volume of 20 μl,
using the M-MLV Reverse Transcriptase kit (Invitro-
gen, Milan, Italy).

Multiplex Polymerase Chain Reaction (PCR)

To determine the presence of the specific transcripts,
duplex-PCR was performed (one gene of interest and
the houskeeping gene in each sample). The reactions
were carried out using a Multiplex PCR Kit (Qiagen
S.p.A,. Milan, Italy) according to the manufacturer’s
instructions. The chosen primer sequences are the fol-
lowing: PTGS2 Fw: 5’-TTCTGAAACCCACTCCAAA
CAC-3’ and Rw: 5’-CCCTCGCTTATGATCTGTCTTG-
3’ (413 bp, NM_000963.2), HAS2 Fw: 5’-ATGAC
CTACGAAGCGATTATCACTGGATTC-3’ and Rw: 5’-
AGAACTGTCTGTTTGGATTCTGAAAATGGC-3’
(410 bp, NM_005328.2), GREM1 Fw: 5’-GGCAGCA
GTAATCTTCTTTTAGGAG-3’ and Rw: 5’-AACTT
ACAGACTTCCAGGATGTGTG - 3 ’ ( 4 3 4 b p ,
NM_013372.6). The housekeeping geneβ-actin Fw: 5’-
AAAATCTGGCACACCTTCTAC-3’ and Rw: 5’-
AGGAGGAGCAATGATCTTGATCTTC-3’ (750 bp,
NM_001101.3) was used as an internal control. Each
primer pair was previously tested alone for specific
amplification. For each sample, 10 μl of the PCR prod-
uct was subjected to electrophoresis on a 2 % agarose
gel and stained with ethidium bromide. The densitomet-
ric evaluation of the bands was performed with AIDA
software (Advanced Image Data Analyzer, 2.11 Raytest
GmbH, Straubenhartd, Germany). The relative mRNA
levels were normalized against the expression of the
housekeeping gene. The controls for DNA contamina-
tion were performed with gene-specific primers on RNA
without reverse transcriptase treatment (data not shown).

Statistical analysis

Data are expressed as the mean ± SEM. The statistical
analysis on each variable was performed using ANOVA
followed by the Tukey-Kramer test for comparisons of
multiple groups or two-tailed t test when comparing
data derived from two groups. For assessment of corre-
lations, Spearman’s rank-order correlation coefficients
(rs) and their probability (P) levels were calculated.
Values with P<0.05 were considered statistically signif-
icant. All analyses were performed using Graphpad
Instat for Windows (Graphpad Software, San Diego,
CA, USA)

Results

Estradiol and Progesterone in the follicular fluid

Figure 1a and b show the mean values of FF P4 and E2

concentrations for each of the treatment groups. P4 and
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E2 was measured in 19 FFs from patients treated with r-
FSH alone, and in 13 FFs from patients treated with r-

FSH+rLH. The concentrations of P4 and E2 in FF were
statistically different among the two groups. In the
group treated with r-FSH+r-LH, we observed higher
levels of P4 compared with the FSH only group, and
significantly lower levels of E2.

As shown in Fig. 1c, the stimulation with r-LH in the
r-FSH treated patients caused a decrease in the ratio of
E2/P4.

TGF-β and AMH in the follicular fluid

The levels of TGF-β and AMH in the FF from the
same individual follicles analyzed above are shown in
Fig. 2a and c, respectively. The amount of active TGF-
β in the FF obtained at oocyte pick-up was significantly
higher in the r-FSH+r-LH treated patients than in those
treated with r-FSH alone. Opposite results were obtained
when we measured the levels of AMH, as higher values
in the r-FSH treated patients and lower values in those
treated with r-FSH+r-LH were recorded.

Correlation analysis of TGF-β AMH and Progesterone

Since TGF-β has been shown to stimulate steroidogenic
genes such as P450scc necessary for P4 production, we
compared active TGF-β and P4 levels in FFs. The levels
of TGF-β correlated positively with the levels of P4
(Fig. 2b), irrespective of the stimulation used. At the same
time, since AMH expression decreased after hCG, we also
examined its relationship with P4 in FFs. We found that the
levels of AMH were inversely correlated with the levels of
P4 (Fig. 2d).

Expression of PTGS2, HAS2, and GREM1 in cumulus cells

The expression of genes indicating CC maturation was
analyzed by multiplex RT-PCR. Only CCs from Met II
oocytes were considered in this study. Eight cumuli
were obtained from five patients stimulated with r-FSH
alone and 10 from 8 patients further primed with r-LH
when the leading follicles reached a diameter of 18–
20 mm. As shown in Fig. 3, stimulation with LH
increased the expression of PTGS2 and HAS2, while it
had no significant effect on GREM1. When gene ex-
pression was correlated to P4 levels in the FF, gene
expression of PTGS2 and HAS2 positively correlated
with the levels of P4 in the FF, irrespective of the
stimulation regimen adopted.

Two patients in each group had more than 1 cumulus
examined. In order to correlate the responses obtained
from different cumuli derived from the same patient we
correlated mRNA levels of PTGS2 and HAS2 with the
levels of P4, TGF-β and AMH found in the corresponding

Fig. 1 a Progesterone and b Estradiol levels in FFs obtained from
single follicles at oocyte retrieval after stimulation with r-FSH (FSH),
or r-FSH plus r-LH administered in the late follicular phase (F+L). c
ratio of estradiol/progesterone (E/P). Each point represents the value
obtained from a single FF. Dots on the rigth represent the mean ±
S.E.M. *P<0.05; **P<0.01; ***P<0.001. n 0 follicle numbers
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FFs. The number of patients is relatively small however, it
was interesting that when we correlated the expression of
PTGS2 and HAS2 with P4, TGF-β and AMH the same
positive or negative correlation observed for the entire
group was observed in CCs coming from single patients
(Fig. 4).

Discussion

In this study, we analyzed the levels of hormones and
growth factors in FFs from individual follicles of
patients treated, after GnRH-a down regulation, with
r-FSH alone or followed by r-LH when the leading
follicles reached 14 mm of diameter with the aim to
verify possible benefits of stimulation with r-LH at late

stages of follicular development in patients undergoing
r-FSH induction.

The administration of r-LH to the r-FSH patients in the late
phase of follicular development increased the levels of P4 and
decreased the levels of E2 present in the FFs.

These data are in apparent contrast with data present in
the literature. In fact, it has been shown that patients stim-
ulated with hMG, presenting LH activity, show lower levels
of P4 and higher levels of E2 compared to those stimulated
with r-FSH alone [52]

However, this apparent discrepancy can be explained by
the fact that, in the case of hMG stimulation, when growing
follicles are exposed to the LH activity present in the hMG
at the beginning of stimulation, when only TCs respond to
LH, there is an increase in androgen production that, in turn,
stimulates estrogen synthesis. On the contrary, when the

Fig. 2 a TGF-β and c AMH
levels in FFs. FFs were
collected from single follicles at
oocyte retrieval after stimula-
tion with r-FSH (FSH; n019),
or r-FSH plus r-LH adminis-
tered in the late follicular phase
(F+L; n013). Relationships be-
tween TGF-β (b), AMH (d)
and Progesterone (P4) levels in
FFs. There is a positive and
statistically significant relation-
ship between TGF-β and fol-
licular P4 levels while there is a
negative and statistically sig-
nificant relationship between
AMH and P4. ● r-FSH ▼
r-FSH + r-LH; *P<0.05
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addition of LH occurs in the late phase of follicular devel-
opment, LH-Rs are already present on GCs that can now
respond to LH and initiate luteinization with an increased
production of P4 and decreased E2.

The levels of P4 in the serum during ovarian stimulation
have been widely discussed. Several groups have shown
that premature P4 elevation negatively affects the outcome
of in vitro fertilization [19,51]. But also, the positive corre-
lation between P4 and the number of mature follicles ob-
served in the late follicular phase [21], suggests that
increased P4 levels, at the correct time, are indicative of
healthy follicular development. It has been shown that high
levels of P4 are associated with higher pregnancy rate in
donor oocyte IVF programs [35]. Therefore, the decrease in
pregnancy rate observed in relation to high levels of P4

might reflect an impaired endometrial receptivity to embryo
implantation instead of poor oocyte quality [35].

In our r-FSH+r-LH group of patients, we found high
levels of P4 in FFs. However, these high hormone levels in
the FFs were not correlated to the levels of P4 in serum. In
fact, none of our patients had serum values of P4>0.9 μg/L
(Table 1) on the day of oocyte retrieval, value that is report-
edly associated with decreased pregnancy rates in IVF/ET
cycles [19,51]. Moreover, the fact that, in accord with pub-
lished data [24], we found similar levels of P4 in the two
groups on the day of hCG suggests that LH administration
in the late follicular phase does not cause early luteinization.

In order to evaluate the stage of follicle maturation we
investigated the levels of two molecules present in the FF,
namely TGF-β and AMH.

Fig. 3 Upper panel: relative
expression of PTGS2, HAS2
and GREM1 obtained by
multiplex-PCR. Total RNA was
extracted from CCs obtained
from single follicles and sub-
jected to multiplex RT-PCR us-
ing primers for PTGS2, HAS2
and GREM1, as well as for β-
actin used as internal control.
An aliquot of each PCR product
was electrophoresed onto 2 %
agarose gel and stained with
ethidium bromide. Expression
levels were quantified by den-
sitometric evaluation of the
bands with a chemilumines-
cence detection system (raytest)
and values were normalised by
their respective β-actin values
and represent the mean ±
S.E.M. In the right panel is
represented the mean ± S.E.M.
of the levels of P4 in the FFs
corresponding to the CCs ex-
amined. *P<0.05; **P<0.01
vs. respective FSH. Lower
panels: relationship between
PTGS2 and HAS2 expression in
CCs and the progesterone (P4)
levels in the corresponding FFs.
There is a positive and statisti-
cally significant relationship
between PTGS2 and HAS2 and
follicular P4 levels ● r-FSH (n0
8)▼ r-FSH+r-LH (n010)
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The administration of r-LH at later stages of follicu-
logenesis significantly increased TGF-β and decreased
AMH levels.

Fried et al. [28], observed lower levels of TGF-β in the
FFs of patients treated with hMG compared to the FFs of
patients stimulated with r-FSH alone. However, it has been
demonstrated in animal models that LH inhibits TGF-β
secretion by rat and porcine TCs in culture [39,42]. There-
fore, the LH activity present in hMG may affect TGF-β
secretion by human TCs without affecting GCs, which at
that specific time are unable to respond to LH. In our
patients conversely, r-LH administered in the late follicular
development was able to directly stimulate GCs to increase
the production of TGF-β. Therefore, the increased P4 levels
observed in the FFs of our patients treated with r-FSH+r-LH
might be induced by the higher levels of TGF-β.

As an additional parameter to evaluate the degree of
follicular maturation we measured the levels of AMH in
the FFs of the different patients. We found statistically lower
levels of AMH in the patients treated with r-FSH+r-LH
respect to the r-FSH-only group. It has been demonstrated
that AMH expression increases significantly from the pri-
mary through the early antral stages of folliculogenesis
[13,57] and declines during the final follicular maturation
process, suggesting a negative effect of follicle luteinization
on the production of AMH in GCs [3,22,23]. Moreover, it
has been shown a negative relationship between human FF
AMH and P4 at the time of egg retrieval, suggesting an
inverse correlation between a more advanced process of
luteinization and ability of the follicle to secrete AMH [20].

Interestingly, when the values of TGF-β or AMH in the
FFs were correlated with the levels of P4, we found that,

Fig. 4 Patients with more then 1 follicle retrieved. (Upper panel)
Relationship between PTGS2 and HAS2 expression in CCs and the
levels of progesterone (P4), TGF-β and AMH in the corresponding
FFs. Two patients (5 follicles) treated with r-FSH (●), and two patients
(4 follicles) treated with r-FSH+r-LH (▼). Symbols with the same

colour belong to the same patient. The same positive or negative
correlation observed for the entire group was observed in CCs coming
from single patients. (Lower panel) Representative images of multiplex
RT-PCR from one patient of the r-FSH group (● red) and one patient of
the r-FSH+r-LH group (▼ yellow)
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irrespective of the stimulation used for our patients, there
was a negative correlation between AMH and P4 and a
positive correlation between TGF-β and P4 levels.

Therefore, our data suggest that these higher levels of P4
are indicative of more advanced follicle maturation.

It has been shown that paracrine and low molecular weight
factors establish an actual dialogue between oocyte and cu-
mulus cells [8]. Oocyte quality is assured by LH-driven nutri-
tional and informational signals emanating in cumulus cells
[2,36] and, at the same time, oocyte-derived factors influence
GC functions such as cumulus expansion, apoptosis, carbo-
hydrate metabolism and steroidogenesis [53,54] influencing
their own microenvironment. Oocyte secretes GDF9, a TGF-
β superfamily member that is required for normal folliculo-
genesis in mouse [15,59]. By secretion of GDF9 the oocyte
directly influences CCs and controls an appropriate environ-
ment for its own correct maturation. Several genes down-
stream of GDF9 have been correlated with oocyte quality.
Among these HAS2, GREM1 and PTSG2 [10,43,60]. There-
fore, gene expression in cumulus cells can be a useful predic-
tor of oocyte quality. We analyzed the expression of PTSG2,
HAS2 and GREM1 in a total of 18 cumuli, 8 obtained from 5
patients treated with r-FSH alone and 10 obtained from
8 patients treated with rFSH followed by r-LH stimulation.
Our preliminary results show that LH stimulation further
increased the expression of HAS2 and PTSG2 whereas it did
not affect GREM1 expression. Even more interestingly there
was a positive correlation between levels of P4 in the FF and
the expression levels of HAS2 and PTSG2

Taken together, our data suggest that the supplementation
with r-LH in the late follicular phase leads to a more advanced
stage of follicular maturation at least in those patients with low
levels of LH after pituitary GnRH-a suppression.

These data are further supported by the fact that it has been
shown that supplementation with r-LH during the late follic-
ular phase significantly reduced the number of immature
oocytes collected after pick-up, while it increased the number
of embryos transferred [46] and reduced CC apoptosis [47].
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